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The integrity and hence the clarity of the layers of the cornea is paramount to 
vision. Any insult to this structure in the form of injury or infection leads to an 
alteration in the unique lamellar arrangement of the collagen fibrils. If left 
untreated and sometimes in spite of maximal medical treatment it can lead to 
significant visual morbidity and even blindness.  The term “Corneal 
Blindness” refers to an eye with best corrected visual acuity less the 20/200 
because of a corneal problem when the rest of the eyeball is intact[1]. 
According to the World Health Organization, corneal diseases form a major 
part of vision loss and monocular blindness in the developing world today, 
after cataract. For global blindness it ranks next to cataract, glaucoma and age 
related macular degeneration. According to the National Programme for 
Control of Blindness (NPCB) estimates, there are currently 120,000 patients 
with corneal blindness in the country. According to this estimate there is 
addition of 25,000-30,000 eyes going blind from corneal causes every year in 
the country. Ninety percent of the global cases of ocular trauma and corneal 
ulceration leading to corneal blindness occur in developing countries. 
 
In the cornea, once the epithelium is damaged, it gets invaded by various 
microorganisms leading to a sequence of pathological changes forming a 
corneal ulcer. This is characterised by the infiltration of polymorphonuclear 
and/or lymphocytes into the epithelium, necrosis and sloughing of the 
epithelium, Bowman's membrane and the involved stroma. This causes 
imbibition of fluid into the cornea causing swelling of the collagen lamellae. 
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The terminal course of corneal ulcer depends upon the virulence of the 
infecting agent, host defence mechanism and the treatment received. 
Depending upon the prevalent circumstances the corneal ulcer may become 
localised and heal or may penetrate deep leading to corneal perforation.  
 
Microbial keratitis is a leading cause of ocular morbidity and blindness 
worldwide. Delayed or inappropriate identification and treatment of infectious 
keratitis can lead to significant visual loss in as many as 50% of cases[2]. 
Corneal injury and corneal ulceration result in about 2 million new cases of 
corneal blindness annually worldwide[2]. A large number of fungi, bacteria, 
protozoa, and viruses have been identified and implicated as infectious agents 
in microbial keratitis. All microbial keratitis requires accurate diagnosis and 
appropriate intervention in order to stop the disease process and reduce the 
extent of scarring leading to loss of vision[3]. Most centers use corneal 
scraping and culture sensitivity for appropriate diagnosis of etiology, the 
positivity ranging from 35-55 %[4]. Patients who present with corneal ulcers 
undergo clinical evaluation and corneal scrapings are obtained for smear and 
culture (bacteria and fungus) as a part of routine protocol. Our laboratory has 
been able to identify the probable causative organism in 44% of suppurative 
corneal ulcers, and only bacterial and fungal etiology has been looked into 
(unpublished data). There are many centers that base the treatment on clinical 
findings alone and patients are started on with empirical treatment using broad-
spectrum antibiotics[5]. In contrast to Western countries, we in India have a 
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much larger load of infective corneal ulcers (about 10 times more) and a 
corresponding high rate of culture negativity and thereby more of empirical 
treatment[6]. This kind of intensive empirical long-term multidrug treatment 
has given rise to multidrug resistance of organisms. Such organisms alter the 
course of the disease and increase the morbidity. This has become a major 
public health concern[7]. Resistant strains are associated with relentless 
worsening of the corneal ulcer and marked visual loss. They lead to corneal 
degradation and melting resulting ultimately in perforation and loss of the 
integrity of the eyeball. 
 
Therefore it remains a challenge to know what the infective organism or 
pathology is in these cases. 
 
Once the infection is under control, there is still significant visual morbidity 
because of the corneal scar and vascularization, which results from the natural 
healing process. The only treatment that could be offered at this stage is a 
corneal transplant/Keratoplasty, which requires readily available donors, 
sophisticated instruments, trained surgeons, and personnel, high cost, intense 
and prolonged follow up. While advanced centers have this readily available in 
our country, the large magnitude of corneal blindness requiring keratoplasty 
and the few hospitals that can perform this surgery make it a public health 
problem. This is depicted in the map below. 
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Figure 1: Corneal blindness estimates and transplantation readiness 
Courtesy: Turning the tide of corneal blindness; IJO 2012 
	  
 
The aim in management of corneal ulcers therefore would be prompt diagnosis 
and appropriate treatment to minimize the scarring. But the increasing number 
of culture negative ulcers limits our treatment options. There may be multiple 
factors leading to this culture negativity but as a first step we would like to 
focus on identifying organisms other than bacteria and fungi, especially viruses 
and their contribution in suppurative corneal ulcers. 
 
With this background, we decided to investigate the contribution of viral 
etiology in the culture negatives as appropriate diagnosis may initiate earlier 
healing and thus improve visual outcomes. 
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To the best of our knowledge, there is no data on the presence of Herpes 
simplex viruses in culture negative suppurative keratitis. In our study we will 
be looking into possible viral etiology, specifically the presence of HSV-1&2 
in culture negative suppurative keratitis. The identification of HSV will be 
done using qualitative Real time polymerase chain reaction (PCR).  The PCR 
is a diagnostic tool in molecular biology where single/few copies of DNA are 
amplified to generate thousands to millions of copies of the original DNA 
sequence within a few hours. This diagnostic test has proven to be highly 
sensitive in identifying infectious organisms especially viruses, with the help 
of specific primers and probes. Real time PCR will be done on preserved 
specimens of corneal scraping in culture negative cases of suppurative keratitis 
to explore viral etiology.  
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I. To study the prevalence of HSV-1&2 in corneal specimens of 
scrapable, culture negative, suppurative keratitis by qualitative 
polymerase chain reaction (PCR) and correlate with their clinical 
manifestations in a hospital based setting. 
 
II. To calculate the healing time of HSV positive ulcers (as detected by 
PCR) when started on acyclovir and topical steroids. 
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Corneal ulcers are a major cause of both mono-ocular and binocular visual loss 
in developing countries with the largest number of cases from Asia[8]. Corneal 
ulcers are conventionally managed by subjecting them to smear and culture for 
bacteria and fungus and based on the organism identified, appropriate treatment 
is administered by topical, subconjunctival or intracameral antibiotics or 
antifungals. The culture positive rate has been on the decline, which can be 
attributed to highly increasing rate of empirical treatment. In 1997 a 
retrospective survey of corneal ulcers revealed a culture positive rate of 68%, 
while another study in 2012 from a similar population has shown a positive rate 
of 31-50%[9, 10]. However some cases are refractory to treatment, progressing 
in spite of maximal medical therapy.  Culture negativity could also be 
attributed to the presence of other organisms, which are not looked for and to 
the increasing number of resistant strains[11]. Inappropriate treatment of 
corneal ulcers may either lead on to corneal perforation and thus loss of eye or 
to debilitating corneal scars, both causing corneal blindness. 
Burden of corneal blindness: 
	  
Blindness, which represents a vision of less than 6/60 in better eye, is a 
predominant public health concern in the developing countries of which 
cataract and diseases of the cornea constitute the majority. Based on the survey 
by the World Health Organization, corneal diseases follow cataract and 
glaucoma as the leading causes of blindness in the world. Approximately 90% 
of patients presenting with ocular trauma and corneal ulcer causing blindness 
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have been isolated from developing countries[2, 12, 13]. Corneal infections are 
the second among the commonest cause of monocular blindness in the 
developing countries[13]. In India, there are currently almost 6.8 million 
people who have Snellen vision of less than 6/60 because of corneal 
involvement in one eye out of which approximately one million have bilateral 
blindness[6]. Corneal ulcer is a silent epidemic. An annual incidence of 113 
cases per 100000 people was reported from a tertiary Centre in South India 
which is as high as 10 times the number isolated from a study conducted in the 
United states. This if extrapolated to the whole country would result in an 
annual incidence of 840000 cases of corneal ulcers per year, which becomes 30 
times the numbers from the United States of America[1]. Scarring of the cornea 
secondary to suppurative keratitis is an important etiology of avoidable 
(preventable and treatable) blindness.  
Corneal Blindness – global data: 
There is a definite variation in the prevalence of corneal blindness across 
different countries. This largely depends on the socioeconomic factors, literacy 
and nutritional status of the inhabitants. As we see in the table below, in 
developed nations like Europe, West Pacific, China, the United States of 
America and the south east Asian countries the prevalence of corneal blindness 
ranges from 0.02% - 0.06% as compared to the developing nations like Africa 
and the East Mediterranean countries (0.14%) 
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Table 1: Prevalence of unilateral and bilateral corneal blindness in 
different countries 
Country Prevalence of 
unilateral blindness % 
Prevalence of bilateral 
blindness % 
Africa 0.73 0.14 
Americas 0.35 0.02 
East Mediterranean 0.85 0.14 
European 0.31 0.02 
SE Asian 0.69 0.07 
West pacific 0.53 0.04 
India 0.68 0.1 
	  
 
Various factors are responsible for corneal blindness, which vary well with age. 
Causes of adult corneal blindness include corneal scars and active infections 
secondary to bacterial, fungal or viral keratitis. Others include corneal 
dystrophy and eye injuries. Few factors like previous ocular disease and 
surgeries, trauma and presence of systemic immunosuppression could 
predispose patients to develop corneal ulcers[2]. The different causes that lead 
to corneal blindness in different parts of the world is depicted in the table 
below[14]. 
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Table 2: Causes contributing to corneal blindness 
Country Causes of corneal blindness 
Corneal 
opacities % 
Childhood 
blindness % 
Trachoma Undetermined  
Africa 8.0 1.6 5.7 3.5 
Americas 3.2 0.3 0.4 1.4 
East Mediterranean 4.2 0.9 3.3 8.1 
European 3.6 0.2 0 1.5 
SE Asian 3.3 0.8 0.5 5.6 
West pacific 3.7 0.3 2.3 2.1 
India 3.9 1.5 1.4 7.3 
China 2.4 0.2 5.3 2.2 
	  
In view of the poorer economic status, nutrition and health services there is a 
definite variation in the prevalence of corneal blindness across different parts 
of the world mostly from the African continent and the east Mediterranean 
countries followed by India[14]. The proportion of patients with corneal 
opacities have a major contribution to corneal blindness in most regions but is 
higher in developing countries. The prevalence of trachoma and childhood 
blindness is also higher in developing countries. The higher percentage of 
undetermined causes of corneal blindness in India is due to lack of proper 
documentation[15]. 
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Corneal blindness - India 
A few years ago various diseases like trachoma, onchocerciasis, ophthalmia 
neonatorum and xerophthalmia were leading causes of corneal blindness in the 
country. This has changed in view of the readily available public health 
programmes for treatment and prophylaxis. The major contributors to corneal 
blindness in this era are ocular trauma, infections and use of traditional topical 
medication[1]. Thus these factors affect the corneal transparency thereby 
causing scarring[12].  
There are various studies that have identified the prevalence of corneal 
blindness and its contribution to total blindness in different part of the country.  
The northern parts of India seem to have a higher prevalence of corneal 
blindness as compared to the areas in the Southern territories[2]. There has also 
been a decline in the contribution of corneal blindness to the total blindness 
(7% in 1987 and 3.7% in 2010). This could be attributed to better diagnostic, 
treatment and rehabilitative facilities reducing the burden of corneal blindness 
in the country. All the studies mentioned in the table below includes people 
more than 40 years of age. The Andhra Pradesh eye study done in 2001 
identified various causes of corneal blindness of which childhood keratitis was 
the most common (37%) followed by ocular trauma (23%)[2].  
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Table 3: Magnitude of corneal blindness in India (community based 
studies) 
Author 
and Year 
of 
publication 
Place of 
study 
Sample 
size  
Prevalence 
of corneal 
blindness 
Proportion 
of total 
blindness 
Main 
Causes of 
corneal 
blindness 
Murthy et 
al; 2010 
Gujarat 4738 0.25% 3.7% Opacity/ 
Scar 
Neena et al; 
2008 
15 states 40447 0.31% 3.9% Opacity/ 
Scar 
Vijaya et al 
2006 
Tamil 
Nadu 
4800 NA 4.26% Opacity/ 
Scar 
Murthy et 
al, 2005 
15 states 63337 0.07% 0.89% Opacity/ 
Scar 
Murthy et 
al; 2001 
Rajasthan 4284 1.75% 14.7% Ulcer/scar 
Dandona et 
al, 2001 
Andhra 
Pradesh 
10293 0.13% 7.1% Various 
reasons 
Mohan; 
1989 
National 
survey 
24758 0.03% 1.91% Opacity/ 
Scar 
Mohan; 
1987 
7 centres 
in India 
395788 0.1% 7% Opacity/ 
Scar 
There are more number of patients with corneal ulcers from the rural areas of 
our country than from the urban, which is attributed to the limited availability 
of medical facilities in these areas[16].  
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Suppurative corneal ulcer and etiology: 
	  
A corneal ulcer is an epithelial defect with destruction, inflammation and 
infiltration of the underlying stroma. Corneal ulcers may be sterile or infective. 
Suppurative corneal ulcer is defined as loss of corneal epithelium with 
underlying stromal infiltrate and suppuration associated with signs of 
inflammation, with or without hypopyon. Microbial keratitis or infectious 
corneal ulcers are due to the proliferation of microorganisms[4]. This could be 
predominantly bacterial or fungal in origin, which is diagnosed based on 
routine microbiological methods with smear and culture[17]. In this vast 
spectrum of suppurative corneal ulcers mainly attributed to bacteria and 
fungus, viruses may contribute to the pathogenesis, particularly HSV 1 and 
2[18]. Viral ulcers have specific clinical features, which distinguish them from 
bacterial and fungal ulcers in their early stages[19]. Parasitic infections of the 
cornea are also not uncommon. Various soluble mediators produced by 
invading organisms and inflammatory cells against the invading organisms 
initiate focal inflammation. Macrophages invade the area to ingest the 
colonizing bacteria and degenerating neutrophils. Extensive stromal 
inflammation eventually leads to proteolytic stromal degradation and 
liquifactive tissue necrosis. The challenge for the clinician is not just diagnosis, 
but also appropriate diagnosis and therapy.  
 
An understanding of the clinical manifestations of pathogenic mechanisms or 
different organisms helps the clinician to make an initial impression on 
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etiology. This then needs coordination with culture negativity to plan further 
management. 
Clinical characteristics of suppurative keratitis: [20] 
	  
1. Pathogenesis and clinical features of bacterial keratitis: 
 
Bacteria bind to the disrupted or normal corneal epithelium with the help of 
high affinity binding molecules called adhesins. The release of proteases from 
the bacteria, corneal keratocytes and activated matrix metalloproteinase 
degrade the basement membrane of the cornea thereby facilitating bacterial 
invasion and stromal necrosis. This is also facilitated by the release of 
exotoxins, which causes further stromal lysis and also suppresses host immune 
response. Bacterial lipopolysaccharide stimulates neutrophil migration and 
infiltration into the cornea. Endotoxins are released after the death of the 
invading bacteria from their cell wall lipopolysaccharide. Thus stromal 
necrosis continues for a while even after the death or the organisms with 
subsequent corneal scarring and opacification. These lipopolysaccharides may 
result in the production of stromal rings, which consist of polymorphonuclear 
leukocytes in the corneal stroma, which have been chemo-attracted by the 
alternative complement pathway. Similar ring infiltrates have also been 
described in fungal, viral, and Acanthamoeba keratitis but in these cases they 
represent areas of antigen – antibody complexes in the stroma. 
 
Coagulase-positive strains of staphylococci are the most pathogenic, and 
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elaborate other extracellular enzymes. Coagulase-negative staphylococci, 
including S. epidermidis, also produce potentially destructive toxin like 
streptolysin O, S and streptokinase. The invasiveness of S. pneumoniae is aided 
by collagenase activity, although the organism may be inherently invasive 
without toxin production.  
 
The above pathogenesis of bacterial keratitis explains certain characteristic 
clinical features that may be suggestive of specific corneal pathogens, although 
clinical findings alone may not replace laboratory investigation.  
 
Gram-positive cocci typically cause localized, round or oval ulcerations with 
grayish-white stromal infiltrates having distinct borders and minimal 
surrounding epithelial edema. Staphylococcal keratitis is more frequently 
encountered in compromised corneas. With long-standing infection, 
staphylococcal keratitis may cause severe intrastromal abscess and corneal 
perforation. An accompanying large hypopyon or endothelial fibrin plaque is 
usually present and larger than anticipated, based on the area of ulceration. 
Streptococcus pneumoniae keratitis may present with a deep, oval, central 
stromal ulceration with serpiginous edges. There also have dense stromal 
abscess formation with radiating folds in Descemets membrane. Hypopyon 
with retro corneal fibrin deposition is a common clinical feature that can 
progress to perforation.  
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Pseudomonas aeruginosa has the most distinctive clinical course after corneal 
infection. There is a loss of corneal transparency, peripheral inflammatory 
epithelial edema and a “ground-glass” stromal appearance. The keratitis 
progresses rapidly into a deep stromal abscess spreading concentrically to form 
a ring ulcer with large hypopyon. Complete stromal keratolysis with 
perforation can occur. Corneal infections with Nocardia follow an indolent 
clinical course and can simulate mycotic keratitis with hyphaeted edges, 
satellite lesions, and elevated epithelial lesions. A chronic epithelial defect with 
“calcareous” bodies at the edges of epithelial ulceration with a characteristic 
wreath pattern is typical of Nocardia keratitis. 
2. Pathogenesis and clinical features of fungal keratitis: 
	  
Fungi enter the corneal stroma through a defect in the epithelial barrier 
following trauma more frequently with vegetative matter. They multiply in the 
stroma and cause tissue necrosis and a host inflammatory reaction. They can 
penetrate into the stroma and through an intact Descemets membrane. Once 
organisms enter into the anterior chamber or on to the iris and lens, its 
eradication becomes very difficult. The cornea being avascular, limits the reach 
of reparatory factors to the site of fungal infection aiding further growth and 
multiplication of the organisms in the eye.  
 
The presence of the actual fungal hyphae in the ulcer gives us the characteristic 
clinical appearance of fungal keratitis. These are elevated areas, branching 
ulcers, irregular feathery margins, a dry rough texture, and satellite lesions. 
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These features can be helpful in suggesting the diagnosis of fungal keratitis. 
The appearance of macroscopic brown pigmentation in fungal keratitis may be 
due to the presence of a dematiaceous fungus. The presence of an intact 
epithelium with a deep stromal infiltrate is also a salient feature in fungal 
corneal ulcer. 
3. Pathogenesis and clinical features of protozoan keratitis: 
	  
Acanthamoeba is a free-living organism commonly found in water and soil. 
The amoeba attaches itself to the corneal epithelium through a mannose 
binding protein. Trivial trauma or prolonged contact lens wear increases the 
expression of this protein. They then degrade the stroma though the expression 
of proteases.  Once in the stroma the host responses become ineffective in 
clearing the infection. They remain confined to the stroma and in most cases do 
not enter the Descemets membrane. These pathological features give rise to 
certain clinical characteristics. 
 
It primarily starts as epitheliitis with a mild foreign body sensation with 
epithelial ridges, whorls, and pseudo dendrites closely resembling viral 
keratitis.  Anterior stromal invasion characterized by shallow stromal 
excavation and localized stromal infiltration, with or without an overlying 
epithelial defect. The most characteristic signs and symptoms include severe, 
incapacitating pain, the presence of a ring infiltrate, and radial keratoneuritis, 
representing amoebic migration along the corneal nerves and the host immune 
response, occurs in mid or deep stroma, beginning in the central or paracentral 
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cornea and extending toward the limbus. Extracorneal manifestations of 
Acanthamoeba include limbitis, scleritis and uveitis. 
4. Pathogenesis of viral keratitis: 
	  
Humans are the only natural host and reservoir for the HSV virus. The virus 
enters mucous membranes when the epithelium is compromised, and starts 
replicating in host cells. They enter sensory nerve endings where the virus 
progresses by axonal transport to the nerve cell bodies. A unique feature of 
HSV infection is the ability of the viral genome to persist in a repressed state in 
the neuronal cell bodies of ganglia, which is known as latency[18]. During this 
period, cell death does not occur and normal cellular activity continues, while a 
limited number of viral proteins are transcribed. At a later time, the viral 
genome may become reactivated, resuming fulminant replication. Upon 
subsequent release from the host neuron, the new virions can then reinvade the 
corneal surface[21]. When these virus multiply on the corneal surface from the 
nerve endings, the cause epithelial keratitis in the form of dendrites. 
Continuation of activity results in formation of a geographic ulcer or a 
metaherpetic lesion. After the initial infective phase settles there can be 
episodes of immune mediated responses that can involve all the layers of the 
cornea especially the stroma and the endothelium thereby causing stromal 
keratitis, endothelitis and even trabeculitis. Thus viral infections of the cornea 
can take up various forms. This is described in detail below. 
 
It was already reported that 90% of corneal blindness occur in the developing 
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nations and the prevalence of corneal blindness in India is 0.45 % that 
translates to approximately 5.4 million people[22]. It has been observed that 
most corneal ulcers have some pathogenic microorganism associated with 
them[5].  
 
A study conducted in India on 5897 suspected cases of microbial keratitis 
found that most cases of culture positive microbial keratitis were caused by 
bacteria and fungi[23]. Fungal ulcers have been found to have poorer prognosis 
than bacterial ulcers[4, 23].  
 
The distinction between bacterial, fungal or viral etiology is essential for 
management. Currently, the gold standard for diagnosing and characterizing 
microbial (bacterial and fungal) keratitis is culture[22]. Viral ulcers are 
diagnosed based on clinical findings. Culture results are highly specific but 
have suboptimal sensitivity ranging from 35 -70 % worldwide[24]. The 
incidence of different causative agents vary according to the geographical 
region, socioeconomic condition of the population, contact lens use, history of 
trauma or past ocular surgery, presence of comorbidities, and age of the 
patient[7]. The culture positivity also depends on the nature of the etiological 
agent and the level of its persistence in the cornea. Fungi have a lesser isolation 
rate (54%) as compared to the isolation of bacteria (68%) in a population based 
study from South India[25].  
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Microbial profile and diagnostic modalities: 
	  
The most common isolates in infectious keratitis from various studies across 
India are Streptococcus pneumonia; Pseudomonas and Staphylococcal species 
among bacteria, while Aspergillus and Fusarium are common among 
fungi[2].Microbial keratitis of bacterial and fungal origin is more common in 
the developing world than the developed world[6]. Fungal keratitis ranges from 
4% -60% of infectious corneal ulcers in developing countries of the world 
other than India[3]. Fungal infections were isolated primarily from India and 
Nepal. A great number of bacterial corneal ulcers were reported in studies from 
Australia, North America, the Netherlands and Singapore. Staphylococcal ulcer 
isolates were more common in Paraguay while Pseudomonas ulcer isolates 
were more frequently reported from Bangkok. Comparatively, developed 
countries like the United States have a lower burden of fungal keratitis, even in 
the hot and humid regions of the country[6]. This variation could be explained 
by economic factors as well as contact lens wear[14]. Ocular injury with 
vegetative matter is extremely low owing to the lesser number of agricultural 
workers, and thus a lesser risk of trauma from vegetative matter, which is a 
known risk factor for fungal infection. 
 
Polymerase chain reaction is currently being employed in the diagnosis of 
bacterial and fungal keratitis, the advantages being a rapid and more sensitive 
tool. While routine cultures have isolated microorganisms in only 51% of the 
samples, PCR using universal primers has identified the offending organism in 
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88% of cases. In cases with mycotic keratitis, PCR identified fungi in double 
the number of cases positive on culture and for all those who were positive on 
culture, the same organism was identified on PCR depicting a specificity of 
100%[26]. A similar outcome is seen in bacterial keratitis as well[27].  
 
In this vast spectrum of suppurative corneal ulcers, those viruses that belong to 
the family Herpesviridae especially the Herpes Simplex virus, may contribute 
to the pathogenesis[19]. Viral ulcers have specific clinical features, which 
distinguish them from bacterial and fungal ulcers in their early stages[4]. Most 
epidemiological studies have excluded viral ulcers while describing the profile 
of infectious keratitis thus failing to achieve a proper prevalence of HSV 
keratitis in developing countries[28]. There are reports where viral ulcers have 
been treated as bacterial and this has delayed treatment leading to corneal 
perforation[29]. There are also cases of infectious ulcers with no typical 
features of viral keratitis, from which viral DNA have been isolated using PCR, 
suggesting the presence of HSV in clinically non-viral ulcers[30]. HSV can 
also cause devastating keratitis by repeatedly attacking the corneal stroma due 
to its latency and contribute to significant visual morbidity[31].  
Herpes simplex virus: 
 
The herpes simplex viruses (HSV) can cause a variety of infections of the 
mucocutaneous surfaces. The two subtypes - HSV-1 and HSV-2, are known to 
cause ocular disease and have similar structure[32]. The core has a genome 
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consisting of linear, double-stranded DNA, which is surrounded by a protein 
capsid, both of which are enveloped in an outer lipid-containing membrane. 
Viral corneal ulcer: 
	  
HSV keratitis is a leading cause of corneal blindness in the United States and 
of unilateral infectious blindness in the world. The ocular prevalence of Herpes 
infection has been estimated at 150 cases among 10,000 individuals in 
developed nations, with an incidence of 5–20 cases per 10,000 individuals per 
year[33]. In India a retrospective case series study detected 212 (169 new) 
cases of viral keratitis over a period of 4 years, based on clinical 
examination[28]. It is a predominantly unilateral disease, but 1.3–12% of cases 
are reported as bilateral. Corneal scarring can result from recurrent HSV 
infection resulting in visually devastating complications. Various trials have 
proven that corneal scarring occurs in 18–28% of cases with a resultant Snellen 
visual acuity of less than 20/100 in 3–12% and less than 20/40 in 
approximately 15% of cases[34]. Herpes can affect different layers of the 
cornea with varying clinical presentations causing respective morbidities—
namely, the epithelium, stroma, or endothelium[32]. 
 
Epithelial keratitis: 
	  
The pattern of epithelial involvement progresses from early punctate areas of 
keratitis that coalesce into branching ulcers. These ulcers have a characteristic 
dendritic pattern and have terminal rounded edges. There is loss of intercellular 
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epithelial tight junctions and basement membrane damage, thus these lesions 
stain with fluorescein application. 
Stromal keratitis 
 
This form is less common but is more visually devastating. This is responsible 
for 20–61% of cases of recurrent disease, and the risk of further recurrences of 
increases after each episode. Stromal keratitis results from both immune and 
viral mechanisms of inflammation, which can present with necrotizing and a 
silent non-necrotizing form. 
One or more areas of stromal opacification without epithelial ulceration is 
noted with accompanying areas of stromal edema and anterior chamber 
inflammatory cells. Presence of a Wessely immune ring indicates deposition of 
antigen–antibody complement complexes in the stroma.  Recurrent episodes 
may result in thinning and neovascularization. Necrotizing stromal keratitis can 
finally progress to corneal thinning and perforation. 
Endothelial keratitis:  
 
HSV keratitis can present as a primary endothelitis. There are three different 
morphologies: disciform, diffuse and linear. Disciform keratitis is the most 
common presentation of HSV endothelitis. This is almost always accompanied 
by anterior chamber inflammatory cells. 
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Review on viral etiology: 
	  	  
A population study from central China shows that the prevalence of infectious 
suppurative keratitis was 0.148%; the prevalence of viral, bacterial, and fungal 
keratitis being 0.065%, 0.068%, and 0.015%, respectively. There were no 
statistically significant differences found between the prevalence of viral and 
bacterial corneal ulcers[35].  
 
A prospective study in France was conducted and a systematic screening on 
corneal samples for bacterial, fungal, amoebic and viral organisms was 
performed which concluded the following - 78.5% were caused by bacteria 
(Pseudomonas aeruginosa was the most frequent), 3 % by mycobacteria, 
10.5%, 6% and 2% by virus, fungus and by protozoa respectively[7]. 
 
A retrospective case series in Aravind eye hospital Madurai detected 212 (169 
new) cases of viral keratitis over a four-year duration. The diagnosis was 
purely based on clinical findings. The various types of clinical presentations in 
this series was as follows: dendritic ulcers (15.91%), geographic ulcers 
(4.09%), stromal keratitis (53.64%), both epithelial and stromal keratitis 
(17.73%) and endothelitis (8.64%)[36]. 
 
A retrospective cross-section study to analyze the prevalence of HSV keratitis 
(HSK) among 3,000 patients who attended a corneal referral centre in South 
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India, between 1995 and 1997 showed a prevalence of 7.8%[9]. A conclusive 
diagnosis could be made in 58% of cases using cell culture and 
immunofluorescence methods when the sample was collected during the first 
week after onset, but only approximately 5% showed positive cell cultures 
when the time interval increased to 4 weeks[9]. None of the above mentioned 
studies have addressed the role of HSV in culture negative suppurative 
keratitis. 
 
There are 8 species identified in the family of Herpesviridae of which 
Cytomegalovirus (CMV) is also named HHV-5.  CMV is also known to affect 
the cornea. A PCR analysis on donor corneal buttons in the year 2000, failed to 
identify CMV in any of the corneal buttons while HSV was identified in 82% 
of the corneas while none were positive for CMV[37]. While another study in 
2010 CMV and HSV was identified in 2 and 10 out of 27 corneal buttons 
respectively[38]. A study in Japan proved the presence of Cytomegalovirus in 
25% of infectious keratitis of unknown origin. The remaining 75% still remains 
unknown and have to be studied further looking for various other 
etiologies[39]. 
Virus isolation: 
	  
Viruses are obligate intracellular organisms that survive on living cells in order 
to multiply. Thus their identification and specification is difficult and time 
consuming. Various methods have been tried successfully[40].  
• Cell Cultures: Primary cell line, diploid, and continuous cell lines were 
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the common hosts of choice for virus isolation[41]. 
1. Primary cells –They are prepared from animal or human cells and but 
they can be subcultured only once or twice.  
2. Semi-continuous diploid cells – These are prepared from human foetal 
cells and can be subcultured upto 50 times. 
3. Continuous cells – They are prepared from tumours of human tissue.  
After decontamination and purification of each clinical sample, it is inoculated 
into several types of cell cultures depending on the virus to be isolated. 
Alternative Cell Culture Techniques: Shell vials contain a coverslip over 
which a monolayer of cells grows, thereby providing a virus isolation system. 
It is then centrifuged to enhance the virus present. The vials are the incubated, 
and the cover slip is stained accordingly to identify the virus especially 
cytomegalovirus and Herpes simplex virus. Addition of microspheres in cell 
culture provides increased surface area for cell adherence and thus increased 
virus production.  
Virus Quantitation: The viruses present can be quantitated using quantitative 
analysis to assess the significance of a particular virus in disease contribution. 
Virus Detection and Identification: Immunologic methods can be used for 
detection of specific viruses and viral antigen[42].  
Nonimmunologic methods for viral detection include histologic staining, 
electron microscopy, and DNA probes using Polymerase chain reaction. PCR 
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provides the most specific viral identification among the many other 
mentioned. 
Immunologic methods include immunofluorescence (IF), enzyme-linked 
immunosorbent assay, hemagglutination and radioimmunoassay. These tests 
although accurate, are more costly and time consuming[42].  
The gold standard of HSV isolation is by shell viral culture in rabbit corneal 
epithelial cell line, which is time consuming[43]. Other methods of HSV 
detection are Giemsa staining for the presence of multinucleated giant cells and 
lymphocytes, immunofluorescence assay for HSV-1&2 antigen and 
polymerase chain reaction (PCR) for HSV-1&2 DNA. Of the other tests PCR 
has 100% sensitivity in identifying herpes in corneal scraping smears[40]. The 
utility of PCR analysis was assessed against other diagnostic markers: HSV 
isolation on cell culture, HSV antigen detection by indirect IF, detection of 
anti-HSV IgG by ELISA and detection of HSV-specific tear secretory IgA by 
ELISA. These tests showed overall sensitivity values of 22.4%, 39.8%, 30.4% 
and 20.3% respectively. PCR gave a positive result in 82.1%[40]. There are 
studies supporting the isolation of HSV from corneal scrapings using PCR and 
also monitoring drug response using qualitative real time PCR[44].  
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Polymerase Chain Reaction (PCR): 
 
This is an investigative technique used in molecular biology to identify an 
organism by amplifying a single or few copies of its DNA across several 
magnitudes in order to produce millions of DNA copies, thereby easing 
identification of that organism. The procedure was described by Prof. Mullis 
for which he received the noble prize in 1993. The basic procedure involves 
various reagents, enzymes and ions like[45]:  
a) DNA template: This has the DNA region/target that has to be amplified 
b) Two primers that are complementary to the DNA target 
c) DNA polymerase at an optimum temperature to assemble new DNA 
strands using the primer and nucleotides. 
d) Deoxynucleoside triphosphates are nucleotides that form the base from 
which the DNA polymerase creates a new DNA strand. 
e) Buffer solution to provide a suitable chemical environment for activity 
of the DNA polymerase. 
f) The required temperature is maintained using a thermal cycler. 
The process of PCR contains three major steps[45]:  
a) Denaturation: The hydrogen bonds between the bases are disrupted 
creating single stranded DNA molecules. 
b) Annealing: This involves attachment of the primer to the single stranded 
DNA template. The primer must match the DNA template for hydrogen 
bonds to form between them thus enhancing their attachment at 
appropriate temperatures.  
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c) Elongation: The DNA polymerase aids this process. This enzyme 
creates a new DNA sequence complementary to the DNA template with 
the available nucleotides.  
The above three steps are repeated at appropriate temperatures and chemical 
environments for necessary amplification. To identify the amplified products, 
they are run on gel electrophoresis in the conventional PCR. 
 
Real time PCR (RT-PCR) is an investigative tool in molecular biology where 
both amplification and identification occurs simultaneously. The amplified 
DNA is identified in real time. The fluorescein molecules bind only to the 
double stranded DNA molecules. The thermal cycler has a sensor that 
measures the fluorescence of the flourophore after it has been excited at the 
required wavelength. Fluorescent probes are also used in multiplex assays for 
detection of several genes in the same reaction using specific probes with 
specific, different coloured labels[46].  
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Uses of PCR in ophthalmology: 
	  
Figure 2: Sites of sample extraction for PCR in the eye 
PCR is used in diagnosis of various ophthalmic disorders when in doubt 
clinically. The various sites of sample extraction are depicted above. The 
different indications are as follows: 
• Diagnosis of anterior segment disorders like corneal ulcers or conjunctivitis 
when presents as an epidemic. Conjunctival scrapings and corneal scrapings 
are used for the above indications. Endothelial involvement of corneal 
ulcers has revealed organisms in an anterior chamber aspirate. 
• Diagnosis of posterior segment disorders: 
Late onset endophthalmitis, unknown vitreous inflammation, tuberculosis, 
typhus with neuroretinitis are common indications. 
• Diagnosis of new infectious association of diseases: 
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Rubella has been isolated in 30% of cases with Fuch’ s heterochromic cyclitis 
and CMV in patients with Posner Scholsmann syndrome. These are unknown 
associations that need further exploration. 
• Diagnosis of drug resistance: 
Presence of certain mutations is known to cause resistance to gancyclovir in 
CMV retinitis. These mutated genes can be identified using PCR thereby 
modulating treatment. 
• Diagnosis of Masquerade syndromes 
Patients with B cell lymphoma can present with posterior uveitis when PCR 
can be used to detect B cell monoclonality, where the gene rearrangement is 
highly sensitive. Chorioretinal tissue biopsy specimens are preferred. 
 
• HLA typing and role in noninfectious uveitis:  
HLA associations with different ophthalmic conditions, especially Vogt 
Koyanagi Harada s disease have been studied using PCR. 
Viral PCR: 
 
For HSV detection in specimens, Duplex PCR detects HSV 1 and 2 genome 
targets in a single PCR reaction along with a housekeeping gene 
Glyceraldehyde 3 –phosphate dehydrogenase (GAPdh) as internal quality 
control. PCR is the most commonly used amplification technique for the 
diagnosis of infectious diseases[47]. Conventional PCR is increasingly being 
replaced by Real time PCR, which is more rapid, sensitive and reproducible 
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while the risk of carry over contamination is minimized. The real time 
multiplex and duplex PCR uses Taq Man probes. They are sequence specific 
oligonucleotides with a flourophore and a quencher. The flourophore is at the 5 
‘ end and the quencher is at the 3’ end of the probe. During the extension phase 
of PCR, the probe is cleaved by a 5’ endonuclease activity of Taq DNA 
polymerase thus separating the flourophore and the quencher. This results in 
detectable fluorescence that is proportional to the amount of accumulated 
product and thus the amplification, which is plotted as a sigmoid curve[48]. 
The midpoint of the curve almost resembles a line and this gives the threshold 
value. An amplification curve with a threshold value less than 37 is considered 
positive. A late appearance may be attributed to a contaminant and the cycle 
may be repeated for confirmation. 
 
In view of the higher culture negativity, we proposed to use RT-PCR as an 
investigative tool to look for HSV 1 & 2 in patients who were both culture and 
smear negative on microbiological examination. The Materials and methods 
used will follow. 
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MATERIALS AND METHODS 
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Study Design:  
 
This was a Prospective observational case series conducted as a pilot study at 
the Department of Ophthalmology, Christian Medical College & Hospital, 
Schell campus, Vellore. The other departments involved were the Department 
of Clinical Microbiology and the Department of Clinical Virology. 
 
Participants: 
	  
	  
All patients with suppurative keratitis presenting to the Department of 
Ophthalmology, Christian Medical College Vellore, who fulfill the inclusion 
criterion (as described below) were included in the study.  
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Algorithm: 
	  
	  
A detailed algorithm of the study has been depicted. 
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Inclusion and exclusion criteria: 
	  
	  
All patients who presented to the eye department, CMC Vellore with features of 
suppurative corneal ulcer were eligible to participate. 
Inclusion criteria: 
	  
Following	  patients	  were	  included	  in	  the	  study:	  	  
	  
• Those having a scrapable suppurative corneal ulcer 
• In whom the corneal scraping specimens were smear and culture 
negative on microbiological examination 
• Those willing to provide informed consent. 
Exclusion criteria: 
	  
Patients	  	  
• With a dendritic corneal ulcer. 
• On whom scraping was not indicated (impending perforation or ulcer 
less than 1 mm due to inadequacy of infective material) 
• Who were children  (age < 15 years) 
• Who were pregnant 
Detailed methodology: 
	  
	  
All patients who presented to the eye department, CMC Vellore from the14th of 
March 2015 to 30th of September 2015 with suppurative corneal ulcer were 
examined by the cornea specialists and decision on corneal scraping was made. 
Patients who were advised to undergo corneal scraping were included in the 
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study after abiding with the inclusion and exclusion criteria. An informed 
consent was obtained from potential participants after presentation of the study 
scheme by the principal investigator.  
Data / Specimen collection: 
	  
Data and sample collection began at the time of presentation in the hospital. 
A detailed patient questionnaire addressing patient demographics, medical 
history and treatment history was obtained. All patients who were included in 
the study were subjected to clinical photography with permission. 
Corneal ulcer scraping was then performed with a cataract knife and samples 
were obtained for smear and culture. The smear and culture plates (blood agar, 
chocolate agar and Sabouraud Dextrose Agar (SDA) agar for bacterial and 
fungal cultivation respectively) were sent to the microbiologist for further 
analysis. 
 
Smears were processed using gram stain for bacteria and Lacto phenol cotton 
blue for fungi. Inoculated cultures were observed for presence of any growth. 
 
Processing of corneal scrapings in the microbiology laboratory 
Microscopy: 
• Material collected by corneal scraping was smeared onto two clean glass 
slides 
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• Gram stain was done on one slide and observed under oil immersion 
(100x magnification) for the presence of pus cells and bacteria 
• A drop of Lacto phenol Cotton blue stain was added to the other slide 
and observed for the presence of fungal hyphae 
Culture Inoculation: 
• Material collected with the help of scalpel was inoculated into Blood 
Agar, Chocolate Agar and Sabouraud dextrose agar 
o Blood Agar- The plate was divided into 2 halves. Onto one half 
the material from the ulcer site was inoculated as 3 streaks and 
the other half was divided into 2 onto which material (swabs) 
from left and right fornix were inoculated 
o Chocolate Agar- Only material from the ulcer site was inoculated 
as 4 streaks 
o Sabouraud Dextrose Agar- Material from Ulcer site was 
inoculated by making three C cuts  
 
 
 
 
 
 
 
 
Blood Agar Chocolate 
Agar 
SDA  
Agar 
 Right  Left  1 2 
3 4 
1 
2 
3 
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Incubation of culture plates:  
• The Blood and Chocolate Agar plates were incubated at 37oC in a CO2 
incubator 
• Sabouraud Dextrose Agar (SDA) was incubated in a 25oC incubator 
Reading and reporting: 
• The plates were incubated for a maximum period of 1 week 
• Growth on the plates were checked every day 
• Bacterial growth on Blood and Chocolate agar was identified by Gram 
stain of the colonies and identification with biochemicals as per standard 
laboratory protocol 
• Fungal growth on SDA was identified by observing the microscopic 
morphology using Lacto phenol cotton blue preparation. 
Patients already started on antibacterial or antifungal drops elsewhere were 
given a 6-hour drop free interval before subjecting them to scraping according 
to the standard operating protocol in the Department of Ophthalmology. 
 
Simultaneously corneal scrapings were obtained in all cases for PCR analysis 
(technique is described in detail later). These specimens were placed into viral 
transport medium and transported in cold conditions (2-8° C) to the virology 
lab where the samples were processed and then stored at  -70 °C until required 
for virus detection by Real time PCR assay. 
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Bacterial cultures were usually declared negative if there was no growth 
noticed up to 5 days while fungal cultures in 2 weeks. Here in this study we 
had set a waiting period of 5 days for the culture report for both bacterial and 
fungal growth. After 5 days, preserved samples of negative smear and culture 
reports were processed for virus isolation by Real time PCR assay. 
 
The treatment strategy followed in this study as routinely practiced in our 
department was as follows: 
• Patients with culture negative corneal ulcers were treated empirically 
with anti-bacterials (Cefazoline 5% and Fortified Gentamycin 1.4% eye 
drops) and/or antifungals (Natamycin 5% eye drops) based on clinical 
signs and symptoms. 
• Patients with positive PCR for HSV-1&2 showing no improvement or 
worsening with empirical treatment were treated additionally with Tab 
Acyclovir 400 mg 5 times a day and Ointment Acyclovir 3% five times 
a day with tapering based on clinical response. Topical steroids 
(Prednisolone) were also added. 
Technique of PCR used: 
	  
	  
The corneal ulcer was scraped with a sterile cataract knife and transferred to a 
sterile TPP tube containing 0.6 ml of viral transport medium (VTM). Normally 
the TPP tube contains 2 ml of VTM, but as the corneal scraping sample is very 
minimal only 0.6 ml of VTM was used. The tube was transported to the 
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virology lab in cold conditions of 2-8 degree Celsius in an icebox. The sample 
was mixed well by repeated pipetting and 200 microliters of the sample was 
aliquoted into 1.7 ml Eppendorf tubes / micro centrifuge tubes. The aliquoted 
samples are stored at  -20 degree Celsius until being tested.  
Figure 3: Clean Chamber 
 
 
Figure 4: Centrifuge 
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Protocol used for extraction: 
DNA extraction:   
	  
• The samples to be tested were arranged on a PCR rack accordingly with a 
tube containing water being included after every third sample, which acts as 
a negative control. An external quality control (EQC) was included in every 
test run.  
• DNA was extracted following the Qiagen DNA extraction protocol, the 
mechanism of which is that the nucleic acid based on its charge adheres to 
the silica based membrane of the spin column provided. The sample input 
volume was 200 micro liters as per the kit manufacturer guidelines. 
DNA Isolation: 
	  
• To 200 µl of the sample in the Eppendorf tube, 200 µl of viral lysis buffer 
(AL) and 20 µl of protease enzyme was added.  
• This was briefly vortexed for 15 seconds and spun down in a 
microcentrifuge after which it was subjected to an incubation period of 10 
minutes at 56 degree Celsius in a dry bath.  
• After incubation the tubes were centrifuged at 8000 rpm for 1 min. 200 µl 
of ethanol was added and briefly vortexed for 15 seconds and spun down. 
Now the entire mixture of 620 µl was transferred to the Qiagen spin column 
tube and centrifuged for 8000 rpm for 1 min.  
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• The flow through was discarded and the spin columns were placed in a 
fresh collection tube and to this 500 µl of reconstituted wash buffer 1 
(AW1) was added and spun at 8000 rpm for 3 min.  
	  
Figure 5: Spin column tube 
  
 	  
Figure 6: Eppendorf Tube 
• The flow through was discarded and the spin columns were placed in a 
fresh collection tube and 500 µl of wash buffer 2(AW2) was added and 
spun at 14000 rpm for 3 min.  
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• The flow through was discarded and the spin columns were placed in a 
fresh collection tube and subjected to a dry spin at 14000 rpm for 3 min to 
ensure complete removal of ethanol.  
• The collection tube was discarded and the spin columns were placed in a 
fresh collection tube and to this 200 µl of elution buffer (AE) was added 
and incubated at room temperature for 1 min.  
• This was centrifuged at 8000 rpm for 1 min. The eluted DNA was stored at 
+4 degree Celsius for immediate use (within 24 hours) or at -20 degree 
Celsius for future use. 
Polymerase Chain Reaction: 
The master mix required for amplification was prepared in the clean 
room separately. This contained the PCR buffer called multiplex NOROX mix, 
HSV 1 and 2 forward and reverse primers and probes (fluorescein labeled), and 
water to make up the volume.  
 
	  
Figure 7: Master mix placed in the rack 
	   57	  
The master mix has the following ingredients: 
Table 4: Master Mix ingredients 
 
Master mix 
For one 
reaction (µl) 
No of reactions Total volume (µl) 
Mutiplex NOROX mix 12.5 X 12.5 X 
HSV 1 forward primer 0.075 X  
HSV 1 reverse primer 0.075   
HSV 2 forward primer 0.075 X  
HSV 2 reverse primer 0.075 X  
HSV 1 probe 0.05   
HSV 2 probe 0.05   
Water 2.1   
Total 15   
X: no of samples/ reactions 
 
The master mix was prepared as shown above and 15 µl of this was aliquoted 
into 0.2 ml flat-capped PCR tubes compatible to the Rotor gene 6000 
instrument. To this 10 µl of eluted DNA of the sample was added. A total 
volume of 25 µl (DNA temp + master mix) was then loaded into the Rotor gene 
6000. The run was then started.  
The cycling conditions for PCR were as follows: 
• Denaturation required an initial temperature hold at 95° C for 15 
minutes during which a double stranded DNA breaks into single strands.  
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• This is followed by annealing of both primers and probes. This required 
a temperature of 95 ° C for 55 seconds. 
• Elongation/Extension occurred at a temperature of 60 ° C for 75 
seconds. 
Annealing and extension was repeated for 50 cycles. 
Table 5: Cycling conditions 
Feature Temperature Time (seconds) 
Hold 1 95 900 
Cycling 95 55 
 60 75 
 
PCR Data was analysed as follows: 
	  
• The raw channel shows a sigmoidal amplification curve. 
• In quantitation analysis, the cut off threshold (Ct) value of the EQC should 
be within +/- 0.5 log of the expected value. 
• No template control should show any fluorescence. 
• The result was validated only when GAPDH in channel JOE was amplified. 
If GAPDH fails, then the sample was repeated from extraction. 
• Sigmoidal curve for the sample indicates the presence of detectable viral 
DNA. 
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• In a duplex real time format, if a sample was positive for both the viruses 
then the reaction was repeated as uniplex reactions with a fresh aliquot of 
sample to confirm the positivity.  
• If a sample showed a high Ct value of 37 and above it is repeated from 
extraction with a fresh aliquot and run in duplicate in PCR. 
Reporting: 
	  
Samples were reported as positive or negative for Duplex PCR depending on 
the presence or absence of the sigmoidal curve fulfilling the criteria above. 
Analytical methods: 
	  
Sample size: 
All patients with suppurative keratitis meeting the inclusion criterion were 
included during the study period - 14th of March 2015 to 30th of September 
2015 
 
A retrospective audit on the corneal ulcers seen and sent to the microbiology 
laboratory was done over a 2 year period (July 2012 to May 2014) Here the 
data was collected from the microbiology laboratory register. We had received 
399 corneal scraping specimens of clinically non-viral, infective keratitis. This 
had revealed a culture positive rate of 44% for bacteria and fungi, which is 
comparable to the 35 – 70 % positive rate as quoted by various studies. We 
had also set out a list of various bacteria and fungi that were isolated. In a 
period of six months we anticipated 30 culture negative ulcers among 
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adult patients fulfilling our criteria. Hence we took 30 as our sample size 
and this could serve as a pilot study for further research. 
 
The prevalence rate of HSV positivity among culture negative suppurative 
keratitis in a hospital based setting by PCR was calculated with 95% 
confidence interval.  
Main Outcome Measures: 
	  
• Prevalence of HSV in culture negative suppurative corneal ulcers 
presenting to a tertiary eye center. 
• Clinical correlation in HSV positive cases 
• Ulcer healing time in patients on Acyclovir and topical steroids 
 
 
	  
 
 
 
	  
	  
	  
	  
	  
	  
	  
	   61	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
 
RESULTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
	   62	  
This study of “Prevalence of herpes simplex virus (HSV-1&2) in culture negative 
suppurative keratitis using polymerase chain reaction (PCR)” was conducted at the 
Department of Ophthalmology, Department of Virology and Department of 
Microbiology, Christian Medical College, Vellore. The study was conducted between 
the 14th of March 2015 to 30th of September 2015. During the study period, 23,282 
patients reported to the eye department for an eye check up. Of them 96 patients were 
diagnosed clinically with suppurative (clinically non-viral) keratitis. Thus 0.412 % of 
all patients had suppurative keratitis. Various parameters were analyzed and the results 
are as follows. 
DEMOGRAPHIC PROFILE OF ALL PATIENTS RECRUITED: 
	  
GENDER DISTRIBUTION: 
 
Among the 96 patients who presented with suppurative keratitis, 53 patients were males 
and 43 patients were females. 
 
Table 6: Gender distribution in the study  
Gender Numbers (%) 
Males 53 (55.2) 
Females 43 (44.8) 
Total 96 
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Figure7: Pie diagram showing gender distribution 
	    
 
AGE: 
 
The age group ranged from newborns to 86 years. Children (age < 15 years) 
contributed to 16.67 % of the patients who presented with suppurative keratitis. The 
median age at presentation was 50 years. Among the adult population, 38.5% of the 
patients who presented with suppurative keratitis were aged between 46 to 60 years. 
The breakdown of various age groups is depicted in the table below. 
 
 
 
	  
55%	  
45%	  
Gender	  Distribution	  Males	   Females	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Table 7: Age distribution in the study 
 
 
Figure 8: Graph showing age distribution in the study 
 
 
0	  5	  
10	  15	  
20	  25	  
30	  35	  
40	  
0-­‐15	   16	  -­‐	  30	   31	  -­‐	  45	   46	  -­‐	  60	   61	  -­‐	  75	   75	  -­‐	  90	  
16	   8	   12	  
37	  
18	   5	  
N
um
be
rs
	  
Age	  
AGE	  
Age (years) Number of patients (%)    (n=96) 
0-15 16 (16.7) 
16– 30 8 (8.3) 
31 - 45 12 (12.5) 
46 - 60 37 (38.5) 
61 - 75 18 (18.7) 
75 - 90 5 (5.2) 
Total 96 
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DETAILED ALGORITHM: 
A detailed algorithm of the study with breakdown of number of patients included from 
presentation to PCR positivity is shown below. 
Figure 8: Flow of patients from presentations to outcomes 
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PROFILE OF SUPPURATIVE KERATITIS ON PRESENTATION: 
	  
The protocol for suppurative keratitis followed in our hospital included scraping of the 
ulcer, the specimen of which was sent for microbiological analysis. Based on the results 
the patient was started on drops. No patient presented with suppurative keratitis in more 
than one eye during the study period. 
 
 
Table 8: Breakdown of the presenting profile of corneal ulcers 
 
 
 
 
 
 
In this study, out of the 96 suppurative ulcers, 8 could not be scraped due to the 
following reasons - 3 patients had an auto-eviscerating corneal ulcer, 2 patients with a 
perforated corneal ulcer and 3 patients with corneal tear and infiltrate. Of the 88 
scrapable ulcers, 16 patients were children less than 15 years of age and were thus 
Corneal ulcers Numbers 
Suppurative keratitis 96 
Excluded Non-scrapable 8 
Children 16 
Missed 1 
Total included in study 71 
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excluded from the study. One patient was missed and thus could not be included. 
Finally the total number of patients who were included in the study were 71. 
 
Figure 9: Graph showing presenting profile of corneal ulcers  
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Figure 10: Pie diagram showing the breakdown of Scrapable corneal ulcers 
 
 
 
 
The results that follow are for the 71 scrapable included patients. 
 
SYSTEMIC ASSOCIATIONS: 
 
 
Diabetes and presence of any kind of Immunosuppression were the major systemic 
associations that were looked for in this study. Among the 71 patients who presented 
with suppurative keratitis, 9 patients were known Diabetics on treatment, while one 
patient was on chemotherapy for carcinoma breast. Rest did not have any systemic 
associations. 
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Table 9: Systemic Associations 
 
 
 
 
PAST HISTORY OF SPECIFIC SYMPTOMS: 
 
 
A past history of red eye was present in 8 patients, that of corneal ulcer in 6 patients 
and that of blisters over the face and eyelids was absent in all 71 cases. 
 
Figure 11: Graphical representation of significant past history (n=71)  
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Percentage% (n) 
Diabetes 12.6 (9) 
Immunocompromised 1.4 (1) 
None 86 (61) 
Total 71 
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USE OF MEDICATION IN THE CURRENT EPISODE: 
 
 
 
Most patients who presented with suppurative keratitis were already started on 
empirical medication, most commonly on anti-bacterials in 48 cases (67.6%) as 
compared to antifungals in 27 cases (38%) as seen in the table below. Antivirals were 
also started empirically on 5.6% of patients (4 cases).  Some patients were on more 
than one. 
 
 
 
 
Figure12: Graph showing various medications used in the present episode 
	  
	  
 
 
A past history of antiviral usage was present in 3 cases (4.2%). 
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LEVEL OF CORNEAL INVOLVEMENT:  
 
All suppurative corneal ulcers had both superficial and deep stromal involvement, but 
only 32 patients (45%) of the patients had endothelial involvement as well. A corneal 
scar was noted in 3 patients (4.2%). The break up is depicted in the table below. 
Table 10: Extent of corneal involvement 
Level of corneal involvement Numbers 
Superficial stromal only 0 
Superficial + Deep stromal 39 
Superficial + deep stromal +Endothelial 32 
TOTAL 71 
 
 
Figure 13: Graphical representation of the level of corneal involvement 
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MICROBIOLOGICAL ASSESSMENT OF CORNEAL ULCERS: 
	  
Of the 71 cases that were included in the study, 43 cases (60.5%) were either smear and 
or culture positive while the remaining 28 (39.5%) were both smear and culture 
negative. The breakdown of the positive and negative cases is depicted below. The 
organisms identified are discussed later. 
Table 11: Profile of smears and culture report: 
Smear and culture report Numbers 
Sm+ Cx + 26 
Sm+ Cx - 6 
Sm – Cx + 11 
Sm- Cx - 28 
Total 71 
 
Figure14: Graphical representation of smears and culture results 
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CHARACTERISTIC VARIATIONS BETWEEN SMEAR/CULTURE POSITIVE 
AND NEGATIVE GROUPS 
 
Various aspects like significant past history, medication use, and level of corneal 
involvement have been compared between the smear/culture positive and negative 
groups and are discussed below. 
1) SYMPTOMATIC VARIATIONS BETWEEN POSITIVE AND NEGATIVE 
GROUPS: 
 
A past history of red eye was obtained in 8 patients of whom 3 were either smear or 
culture positive while the remaining 5 (62.5%)were both smear and culture negative. A 
past history of corneal ulcer was obtained in 6 patients of whom 2 were either smear or 
culture positive while the other 4 (66.6%) were both smear and culture negative. Of the 
2 patients who were smear/culture positive, one grew bacteria in culture but had 
negative smears, while the second showed fungus on both smear and culture. None in 
either group had past history of blisters. Thus history of red eyes or corneal ulcers in 
the past was not associated with smear culture negativity (p = 0.156 for red eyes and p 
= 0.154 for corneal ulcers) 
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Figure15: Graphical representation of symptomatic variation in positive and 
negative groups: 
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to bacteria could be attributed to the difficulty in fungus isolation. Among the 4 patients 
on antivirals, 3(75%) were positive on smear and / or culture. The difference between 
the groups was not statistically significant (p = 0.543) 
 
Figure16: Graphical distribution of medications in positive and negative groups 
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2) LAYER OF INVOLVEMENT IN POSITIVES AND NEGATIVES: 
 
All patients with suppurative keratitis regardless of being culture positive or negative, 
43 culture positive samples and 28 samples with no growth (100 % in both groups) had 
both superficial and deep stromal involvements. Endothelial involvement along with 
superficial and deep stromal involvement was seen in 32 cases of which 17 were 
culture positive and 15 were culture negative. The difference in percentage of patients 
with endothelial involvement in the two groups was not statistically different. 
(p=0.245)  
 
Table 12: Layers involved in Smear/Culture positives and negatives: 
Layer involved Microbiology report Total 
Smear/Culture + Smear & Culture - 
Superficial +deep 
stromal 
26 (66.7%) 13 (33.3%) 39(54.9%) 
Superficial +deep 
stromal + Endothelial 
17(53.1%) 15(46.8%) 32(45.1%) 
 
Total 43 28 71 
 
 
 
A corneal scar was noted in 3 cases. Of them none were positive on culture and smear. 
Thus presence of a corneal scar could be a predictor of culture negativity with a p value 
of 0.028. 
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Figure17: Graphical representation of the involved layers in smear/culture 
positives and negatives: 
 
 
 
MICROBIAL PROFILE IN SMEAR AND CULTURE POSITIVE CASES: 
 
43 patients with suppurative keratitis showed positive smear or/and culture for bacteria, 
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patients showed bacteria (26%) and 1 patient grew Acanthamoeba (2%) on either smear 
or culture or both. 
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hyphae on smear but no growth in culture. Among the 11 cases with bacterial corneal 
ulcer, 5 cases showed bacteria on both smear (2 with Gram positive cocci, 1 with Gram 
positive filaments and 2 with Gram negative bacilli) and culture.	  
 
	  
	  
Table 13: Microbial profiles in smear and/ or culture positive cases 
	  
	  
	  
	  
	  
	  
 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Organism Numbers 
 
 
FUNGUS 
Aspergillus 7 
Fusarium 12 
Unidentified Filamentous 
fungus 7 
Septate hyphae on smear 5 
 
 
 
BACTERIA 
Strep pnemonia 4 
Nocardia 1 
Pseudomonas 3 
Cornybacterium 1 
E. coli 1 
Gram positive cocci on 
smear 1 
PROTOZOA Acanthamoeba 1 
Total positives 43 
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Figure18: Pie diagram showing profile of fungi isolated 
 
 
 
Figure19: Pie diagram showing the profile of Bacteria isolated 
 
 
 
22%	  
39%	  
23%	  
16%	  
Fungi	  isolated	  (n=31)	  
Aspergillus	  
Fusarium	  
Unidenti[ied	  Filamentous	  fungus	  Septate	  hyphae	  on	  smear	  
37%	  
9%	  27%	  
9%	  
9%	   9%	  
Bacteria	  isolated	  (n=11)	  
Strep	  pnemonia	  Nocardia	  Pseudomonas	  Cornybacterium	  E.	  coli	  Gram	  positive	  cocci	  on	  smear	  
	   80	  
Another 5 cases showed negative smear but grew bacteria in culture. Among these 10 
cases 4 grew Streptococcus pnemoniae, 1 grew Nocardia and 3 grew Pseudomonas, 1 
grew E.coli and 1 grew C. diphtheria. One case showed Gram-positive cocci in smear 
but no growth on culture. 
 
One patient who was negative on smear grew Acanthamoeba in culture. 
 
Figure20: Overall microbial profile- Smear and/ or culture positives 
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CLINICAL SUSPICION OF SUPPURATIVE KERATITIS: 
 
Before subjecting patients with suppurative keratitis to corneal scraping, they were 
assessed by the cornea specialist and a clinical diagnosis was made based on the 
specific patterns of presentation by various organisms. 
Smear vs. Clinical suspicion: Bacteria and fungus 
	  
A clinical diagnosis of bacterial corneal ulcer was made in 19 out of the total 71patients 
(26.76%). Six patients had positive bacterial smears of which 4 were rightly judged 
clinically. A significant association was found between the clinical suspicion of 
bacteria and the smear report with a p value of 0.021. 
 
Similarly a clinical diagnosis of fungal corneal ulcer was made in 44 out of the total 
71patients (62%). Twenty-six patients had positive fungal smears of which 25 were 
rightly judged clinically. A significant association was found between the clinical 
suspicion and the smear report with a p value of 0.000, much higher than the bacterial 
predictability. 
 
Culture vs. Clinical suspicion: Bacteria and fungus 
 
Ten patients grew bacteria on culture of which 8 were rightly judged clinically. A 
highly significant association was found between the clinical suspicion of bacteria and 
the culture report with a p value of 0.000 
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Thirty-one patients grew fungus on culture of which 30 were rightly judged clinically. 
A significant association was found between the clinical suspicion and the culture 
report with a p value of 0.000, much higher than the bacterial predictability. 
 
The clinical diagnosis had a higher association with culture as compared to smear 
examination in both bacterial and fungal corneal ulcers with a p value of 0.000 in both 
groups, but both were statistically significant. 
 
The sensitivity of the clinical diagnosis was 66.7% and 96.2% for bacterial and fungal 
ulcers respectively with smear examination alone but the specificity was 76.9% and 
57.8% for the same. 
 
The sensitivity of the clinical diagnosis was 80% and 96.2% for bacterial and fungal 
ulcers respectively with culture alone but the specificity was 82% and 57.8% for the 
same  
 
Similarly the sensitivity of the clinical diagnosis was 72.7% and 96.8% for bacterial 
and fungal ulcers respectively with both smear examination and routine culture but the 
specificity was 81.7% and 65% for the same. 
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Table 14: Clinical diagnosis vs. smear alone in bacterial ulcers 
Clinically bacterial Smear + bacteria Smear - Bacteria 
Yes 4 15 
No 2 50 
Total 6 65 
 
Table 15: Clinical decision vs. smear report in fungal ulcers 
Clinically fungal Smear + fungus Smear - fungus 
Yes 25 19 
No 1 26 
Total 26 45 
 
Table 16: Clinical diagnosis vs. culture in bacterial ulcers 
Clinically bacterial Culture + bacteria Culture- Bacteria 
Yes 8 11 
No 2 50 
Total 10 61 
 
Table 17: Clinical diagnosis vs smear and culture in fungal ulcers 
Clinically fungal Culture + fungi Culture- Fungi 
Yes 30 14 
No 1 26 
Total 31 40 
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The corneal specialists were not sure of the clinical presentation in 7 cases where in 3 
cases the routine smears and culture failed to demonstrate any microbial organism, one 
case showed fungus in both smear and culture, one case grew Acanthamoeba in culture 
alone and 2 cases grew bacteria (1 smear and 1 culture). 
POLYMERASE CHAIN REACTION FOR HSV 1 AND 2: 
 
 
As per the methodology we were to analyze 30-culture negative samples. But due to 
time constrains we could acquire only 28 smear and culture negative samples during 
the study period. These samples were processed for Duplex PCR (both HSV 1 & 2). Of 
these, 25 cases were negative for both HSV 1 & 2 while 3 cases were positive for 
HSV1. None of the cases were positive for HSV2. 
 
Ours was a pilot study and we have identified 3 cases with HSV positivity, which thus 
contributes to a prevalence of 10.7 % (95% CI 2.3% – 28.2%) using Binomial 
(Clopper-Pearson) 'exact' method.	  
 
 
Table 18: HSV report in culture negative cases: 
HSV report Numbers 
HSV 1 Positive 3 
HSV 2 Positive 0 
HSV Negative 25 
Total 28 
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Figure 21: Graphical representation of HSV positivity 
 
 
 
The culture positive rate in our study was 60%. With the addition of 3 HSV positive 
cases to the infectious keratitis, the microbial positivity in infectious keratitis increases 
to 64.8% in our hospital based set up. 
 
 
Of the 28 culture negative cases, 3 cases showed HSV 1 on PCR. Two of them were 
females and one was a male. They were 58, 74 and 58 years old respectively. They had 
no systemic associations. Two of them had history of red eye and corneal ulcer in the 
past but none had a past history of blisters or vesicular rashes. One patient had no past 
history of redness and for the current episode she was treated with antibacterial and 
antifungal agents. The other two had a past history of antiviral use but one of them had 
used anti bacterials for this episode. Anterior and deep stromal involvement was seen in 
all cases of which two of them had endothelial involvement as well. A scar was noted 
in 2 cases. 
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Table 19: Characteristics of HSV positive and negative cases: 
Features HSV+(n=3) 
% 
HSV(n=25) 
% 
P 
value 
 
DEMOGRAPHICS 
Age (50-80) 3 15 NA 
Males 1 14 NA 
Females 2 11 NA 
 
SYS. 
ASSOCIATION 
Diabetes 0 2 NA 
Immunosuppressed 
 
0 0 
 
NA 
 
PAST HISTORY 
Red eye 2 3 0.019 
Corneal ulcer 2 2 0.006 
Blisters 0 0 NA 
 
 
MEDICATION 
Anti-bacterials 2 15 0.823 
Antifungals 2 10 0.378 
Antivirals 0 1 0.724 
P/H/O Antivirals 2 1 0.001 
 
LAYER 
INVOLVED 
Superficial Stromal 3 25 NA 
Deep Stromal 3 25 NA 
Endothelial 2 13 0.630 
SCAR +  2 1 0.001 
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CHARACTERISTIC VARIATIONS BETWEEN HSV POSITIVE AND NEGATIVE 
GROUPS 
 
Various aspects like medication use, significant past history and level of corneal 
involvement have been compared between the HSV positive and negative groups and 
are discussed below. 
 
 
1) SYMPTOMATIC VARIATIONS BETWEEN POSITIVE AND NEGATIVE 
GROUPS: 
 
A past history of red eye was obtained in 5 culture negative patients of whom 2 were 
HSV positive. Two out of 3 HSV positive patients had history of red eyes in the past 
while only 3 out of 25 negatives had this history. Thus past history of red eyes was a 
strong predictor of HSV positivity with a p value of 0.019. A past history of corneal 
ulcer was obtained in 4 culture negative patients of whom 2 were HSV positive. Two 
out of 3 HSV positive patients had history of corneal ulcer in the past while only 2 out 
of 25 negatives had this history. Thus past history of corneal ulcer was also a strong 
predictor of HSV positivity with a p value of 0.006 (more than history of red eyes). 
None in either group had past history of blisters. Thus history of red eyes or corneal 
ulcers in the past strongly influences the HSV results. 
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Table 20: Significant past history in HSV positive and negative groups and Smear 
and /or culture positive group 
Past history HSV+ (%) HSV – (%) Sm and/or Cx + 
(%) 
TOTAL 
Red eye 2  3  3  8 
Corneal ulcer 2  2  2  6 
Blisters 0  0  0  0 
Total no of cases 3 25 43 71 
 
2) EFFECT OF MEDICATION ON POSITIVE AND NEGATIVE GROUPS: 
 
Among the3 patients who were HSV positive, 2 of them were on anti-bacterials. But 15 
out of 25 HSV negative patients were also on antibacterial but were HSV negative. 
Thus the relation between antibacterial use and HSV positivity was not significant with 
a p value of 0.823. 
 
Two out of three HSV positive patients were on antifungals. But 10 out of 25 HSV 
negative patients were also on antifungals but were HSV negative. Thus the relation 
between antifungal use and HSV positivity was not significant with a p value of 0.378. 
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One of the 28 culture negative patients was on antivirals, but none were HSV positive. 
Thus the relation between antiviral use and HSV positivity was not significant with a p 
value of 0.724. 
 
 
 
 
Table 21: Use of medication in HSV positive and negative groups: 
	  
Medication	   HSV+ (n=3)	   HSV – (n=25)	   P value 
Anti-bacterials 	   2	   15	   0.823 
Antifungals 	   2	   10	   0.378 
Antivirals	   0	   1	   0.724 
Totals	   3	   25	    
	  
 
 
 
Use of antivirals in the past was noted among 2 out of 3 HSV positive patients and only 
one out of 25 HSV negative patients had this past history. Thus the relation between 
past history of antiviral use and HSV positivity was significant with a p value of 0.001. 
There was one other patient who had past history antiviral use but was HSV negative as 
well as culture negative in the study. 
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3) LAYER OF INVOLVEMENT IN HSV POSITIVES AND NEGATIVES: 
 
All patients with culture negative suppurative keratitis regardless of being HSV 
positive or negative had both superficial and deep stromal involvements 3HSV positive 
samples and 25 HSV negatives (100 % in both groups). Endothelial involvement along 
with superficial and deep stromal involvement was seen in 2 out of 3 HSV positive 
cases, but this was also seen in 13 out of 25 HSV negative patients. Thus the HSV 
positive group had a higher percentage of endothelial involvement than in the HSV 
negative group. (66.7% as compared to 52%), but the difference was not statistically 
significant. (P=0.630).  
Table 22: Layers involved in HSV positive and negative groups 
Layer involved HSV report 
+ - 
Superficial +deep stromal 1(33.3%) 12 (48%) 
Superficial +deep stromal + 
Endothelial 
2(66.7%) 13(52%) 
Total 3 25 
	  
 
A corneal scar was noted in 2 out of 3 patients who were HSV positive (66.7%) but 
only 1 out of 25 HSV negative patients had a corneal scar (4%) thus making presence 
of a corneal scar a predictor of HSV positivity with a p value of 0.001. 
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PRESUMED CLINICAL IMPRESSION IN THE CULTURE NEGATIVES: 
 
 
Of the 28 culture negatives, 11 cases were said to be bacterial, 14 cases as fungal and 3 
cases as not sure on clinical examination alone. Of the 3 HSV positive cases, 2 were 
presumed to be clinically bacterial and 1 was presumed to be fungal. 
 
 
HEALING TIME 
 
The time taken to heal was time taken for complete closure of the epithelial defect and 
to absence of stromal inflammatory cells in the cornea. Here in our study the time taken 
to heal was 47 days, 58 days and 51 days respectively in the three positive patients with 
an average of 52 days after starting on oral and topical Acyclovir along with steroid 
drops. 
 
Table 23: Time taken to heal in hsv positive patients 
Patient No. Date of start of 
Treatment 
Date of corneal 
healing 
Total time to heal  
1 29/5/2015 18/7/2015 51 
2 19/5/2015 16/7/2015 58 
3 27/4/2015 12/6/2015 47 
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Clinical	  photographs	  of	  patients	  who	  tested	  positive	  on	  HSV	  PCR:*	  
	  
Figure 22: Patient 1 
	  
	  
	  
Figure 23: Patient 2 
	  
	  
Figure 24: Patient 24 
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Clinical	  photographs	  of	  patients	  with	  smear	  /	  culture	  proven	  bacterial	  and	  
fungal	  keratitis:	  *	  
	  
Figure 25: Patient with Pseudomonas corneal ulcer  
	  
	  
	  
	  
Figure 26: Patient with Fungal corneal ulcer- Fusarium  
	  
	  
	  
	  
	  
*	  Permission	  taken	  from	  patients	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This study was a hospital-based study that looked into the microbial etiology of 
corneal ulcers, where we found that 39.5% of the patients who presented to the 
eye department with suppurative keratitis did not have a specific causative 
organism identified. We tried to investigate this subset of patients to see if 
there was a viral etiology especially Herpes Simplex Virus (HSV 1&2) through 
Polymerase chain reaction (PCR). We intended to study 30 culture negative 
samples but we could acquire only 28 culture negative patients during the 
specified time period. Bharathi et al have found a seasonal variation in the 
incidence of bacterial and fungal keratitis. The incidence of bacterial keratitis 
was found to be lower between the months of June and September and rising 
incidence rate of fungal keratitis from June to September[49]. Our study was 
conducted between March and September and our climatic conditions being 
quite similar to that of Madurai, this could explain the lower sample size. 
 
The definition of suppurative keratitis varied in different articles. A study from 
Hong Kong has defined corneal ulcer as a lesion on the cornea with 
inflammatory infiltrate of > 1mm2[50], while most studies have defined 
suppurative keratitis as a stromal infiltrate of cells with an overlying epithelial 
defect with or without a hypopyon[24, 25]. In our study we have included 
patients with a corneal infiltrate of cells with a size more than 1mm2, with or 
without an epithelial defect.  
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DEMOGRAPHIC PROFILE OF SUPPURATIVE KERATITIS: 
In our study 55.2% of the patients who presented with suppurative keratitis 
were males and the remaining 44.8% were females. This male predominance 
was similar to other studies in India[23]. This is attributed to the fact that men 
are more prone to injury and the increased involvement of men as outdoor 
laborers in our country. The median age of presentation was 50 years in our 
study. Epidemiological studies done in India and in the west (California) have 
concluded that microbial keratitis is more common in the middle decades of 
life[51]. Diabetes was detected in 12.4% of patients with suppurative keratitis 
in our study. In the west 1.4% of patients and 2% in India who presented with 
corneal ulcer were found to have diabetes[52, 53] Patients with diabetes are 
found to have a higher association with Staphylococcal ulcers in the west[51].  
Diabetes was associated in keratitis with both pure and polymicrobial etiology, 
accounting for 69.2% cases[23].  
CLINICAL VARIATIONS IN SUPPURATIVE KERATITIS: 
Almost all patients with corneal ulcers had presenting complaints of pain, 
redness and defective vision during the current episode. Recurrent episodes of 
pain, redness and decreased vision have been noted in patients with viral 
keratitis and in immune keratitis[4].  
 
We encountered 53.1% of patients with suppurative keratitis who were started 
on some kind of topical medication from elsewhere. 67.6% of them were on 
antibacterial and 38% were on antifungals. The rate of empirical treatment was 
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54.6% in study in Hyderabad while in a western study 88.3% were already on 
empirical treatment. 45.8% of our patients were inappropriately started on anti-
bacterials when their corneal scrapings grew fungus on culture. Similarly 
14.8% of cases were inappropriately started on antifungals when their corneal 
scrapings grew bacteria on culture. Overall, only 16% have been started on 
appropriate treatment considering the culture and or smear report to be a gold 
standard as compared to 48.4% in a study from India[23]. In the west as 
bacterial corneal ulcers predominate use of empirical treatment with broad 
spectrum antibiotics has been recommended[54]. But the same cannot be 
applied to our population considering the high fungal load and the follow up 
options. A study done in India that analysed 1000 patients presenting to a 
tertiary referral hospital where they found 42% of patients were started on anti-
bacterials alone, 42.5% were started on both anti-bacterials and antifungals and 
8% were started on steroids[55]. With empirical treatment 83% of suppurative 
keratitis healed while the rest worsened needing surgical interventions[54]. But 
in our study there was no effect of the use of antibacterials or antifungals on the 
outcome of microbial culture.  
 
Our culture positivity rate among suppurative keratitis was 60.5%, which is 
comparable to other studies. Gopinath et al reported culture positive rates of 
35% [56] and Bharathi et al  reported 71%[49]. Studies from other developing 
countries show positive rates between 45 – 60%[24]. Studies from the west 
have quoted culture positive rates ranging from 58 – 76%[6]. 
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Sharma et al reported that empirical therapy can also contribute to the culture 
negativity and rise in the number of resistant organisms[57]. The use of 
empirical drops was seen in 51 patients of whom 31 were culture positive thus 
still giving a microbiological positivity rate of 60.5% among patients treated 
empirically which is not quite different from our overall culture positive rate.  
Thus the use of empirical drops has not influenced the microbial culture 
outcome. A similar impression has been obtained from a study in AIIMS Delhi, 
where they attributed this similarity to the inadequacy of treatment in 
destroying the offending organism[58]. In our study we gave a 6-hour drop free 
interval before subjecting them to corneal scraping if on medication as per 
protocol to improve microbial recovery.  
 
Bacterial recovery from smear / culture was seen in 26%. Other Indian 
studies on etiological diagnosis shows bacterial positivity ranges between 
23.1% and 67.2%[6]. In developed countries like Australia, Europe and the 
Americas the proportion of bacterial ulcers ranged from 55-85%, as compared 
to developing countries like Africa, East Mediterranean countries and India, 
where the proportion of bacterial ulcers ranged from 13 – 47%[6]. In various 
international studies, the bacterial contribution to corneal ulcers is higher as 
compared to other organisms. This could be related to the higher usage of 
contact lenses in the west. Among the bacteria isolated in our study, 
Streptococcus was identified in 45.4% followed by Pseudomonas in 27.3% 
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followed by Nocardia and Corneybacterium in 9% of the cases each. A 
study on microbial keratitis from Ghana has isolated Pseudomonas in 52.5% of 
cases where contact lens usage is very rare, and Streptococcus in 20%, while in 
India Streptococcus seems to be more common (46.8%) among bacterial 
corneal ulcers[24]. In developed countries, gram positive bacteria especially S. 
aureus and Streptococcus species were identified in 70-90% of cases[59]. 
Studies that focused on contact lens associations found more of gram-negative 
bacilli.  
 
The proportion of fungal positivity was 72%. Fungi are most commonly 
identified from suppurative keratitis in developing countries where 
agriculture/farming is the primary occupation. The prevalence ranges from 18 -
67%[18]. The highest was reported from West Bengal by Sharma et al at 
67.4%[6]. In the west the prevalence of corneal ulcers ranges from 2 – 22%. 
The common fungi isolated were Fusarium, Aspergillus and Candida species. 
In our study Fusarium was seen in 46% and Aspergillus in 27%. Studies in 
South India have seen a similar preponderance of Fusarium in 47.1% of fungal 
corneal ulcers[9]. In the Indian subcontinent, Aspergillus is more common (34-
64%) than Fusarium (10-28%)in most series.. In other developing countries 
like Africa, Fusarium was more commonly isolated (36-75%)as compared to 
Aspergillus (15 – 29%). Among the fungi identified in the west, Candida was 
more commonly (7%) isolated as compared to Aspergillus (2%). Thus fungi 
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seem to be isolated more commonly in the tropical and equatorial regions, 
where humid climatic conditions and increased agricultural activity prevails[6]. 
	  
VIRAL ETIOLOGY IN CULTURE / SMEAR NEGATIVE PATIENTS: 
In our study we have excluded clinically viral ulcers and have calculated 
the prevalence of HSV in culture and smear negative cases of suppurative 
keratitis. Most studies on etiological agents in suppurative keratitis have done 
so after excluding the clinically viral ulcers. However one study done in India 
has noted a clinical prevalence of 7.4% of HSV keratitis among patients 
presenting to a cornea specialty clinic[28]. 
  
Viral corneal ulcers have specific presenting features and thus most studies 
have data based on clinical findings alone. A population-based study in China 
has reported a viral prevalence of 0.061% based on clinical findings in the 
general population. There was also a difference in the rates between the rural 
and urban areas with a higher proportion in the urban (72.7% as compared to 
32.1% of infectious keratitis)[35]. Herpetic keratitis can have varying 
presentations and is more prevalent in the developed countries. Their incidence 
ranges from 8.4 – 13.2 new cases per 100000 person years in the west[21]. We 
have found a prevalence of 10.7 % (95% CI 2.3% – 28.2%). To the best of our 
knowledge, presence of virus in culture / smear negative suppurative keratitis 
has not been reported to make comparisons. 	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There are many ways of isolating virus from tissues but considering the high 
sensitivity of PCR in virus isolation (85-100%)and a specificity of 70-75%[60], 
the culture negative scrapings were subjected to HSV 1 & 2 PCR. In our study 
we had 28 patients who were negative on smear and culture. On subjecting 
them to viral PCR we identified 3 patients who were positive for HSV 1 and 
none for HSV 2. Perhaps the poor predilection of HSV 2 in trigeminal ganglion 
may explain the absence of HSV 2 positivity in our study. 
	  
 
There is no sensitivity/ specificity profile documented in our lab for technique 
used in HSV PCR[48]. Our virology lab is certified by UK NEQAS. This is an 
independent, not-for-profit consortium (international proficiency test) of 
external quality assessment schemes based in the UK but providing services to 
diagnostic laboratories worldwide. UK NEQAS is about more than monitoring 
technical accuracy and precision of results. 
 
We compared various factors between the 2 groups. Two out of 3 HSV positive 
patients as compared to 3 out of 25 culture negative patients gave a past history 
of red eye thus making this a predictor of probable viral keratitis in culture 
negative patients with a p value of 0.09. Similarly past history of corneal ulcer 
was found in 67% of the HSV positive group but only in 8% of the culture 
negatives thus making this a stronger predictor of HSV positivity with a p 
value of 0.006.  Hospital based studies have reported recurrence rates of upto 
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60% over a duration of 4 years[36]. This can be attributed to the fact that viral 
infections can have recurrent episodes of keratitis with atypical features due to 
its latency. So patients with suppurative keratitis who have had previous 
episode of redness and corneal ulcers and those of who are cultures negative in 
the current episode are likely to have herpes keratitis. The use of empirical 
topical antibiotics did not have any contribution to HSV positivity. However, 
there were 3 patients who had used antivirals in the past, of whom 2 were 
positive for HSV while 1 was negative. The remaining 24 HSV negative 
patients had no history of antiviral use in the past thus making this history a 
good predictor of HSV positivity with a p value of 0.001. 
 
The level of corneal involvement by the ulcer was assessed. All patients both 
HSV positive and negative had both anterior and deep stromal involvement. 
66.7% of HSV positive patients had endothelial involvement but this was also 
seen in 50% of culture negative patients. Thus, though the HSV positive 
patients had a higher rate of endothelial involvement, the difference was not 
statistically significant. The epithelial and stromal involvement in HSV 
keratitis was noted in 57.3% and endothelial involvement was noted in 42% of 
patients with clinical evidence of viral keratitis but in patients with necrotizing 
HSV keratitis, endothelial involvement was often a presenting feature in 100% 
of the patients[21, 61]. These percentages may vary, as our study did not 
include clinically viral ulcers.  
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During the study period there were 3 patients who presented with features of 
suppurative keratitis and also had previous history of red eyes, corneal ulcer 
and antiviral intake. All three of them had an epithelial defect but not dendritic 
pattern during this presentation. They also had a stromal infiltrate, which was 
more than 1 mm in size with endothelial involvement as well. All 3 of them 
showed no growth on routine culture methods and on subjecting them to viral 
HSV PCR, two of them were positive while one was negative. There was one 
patient who did not give any history of red eye, corneal ulcer or antiviral use 
but was positive on HSV PCR. This patient worsened on treating her with the 
conventional broad-spectrum antibiotics. But after the PCR result was positive 
she was started on antivirals and steroids with which she started showing signs 
of healing. 
	  
HEALING TIME IN HSV POSITIVE CASES: 
The time taken to heal was time taken for complete closure of the epithelial 
defect and to absence of stromal inflammatory cells in the cornea. In patients 
with HSV, studies have considered absence of fluorescein and/or rose Bengal 
staining in cases with epithelial keratitis. In cases with stromal keratitis and 
endothelitis, decrease in corneal thickness, clearing of inflammatory cells from 
the corneal stroma and absence of cells in the anterior chamber were 
considered healed[61]. The normal healing time in all suppurative keratitis in 
our hospital was measured to be a range of 7-151 days (Unpublished data). 
Studies have reported healing rates of viral keratitis with oral and topical 
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antivirals to range between 6-8 weeks (42-56 days)[21]. In our study the time 
taken to heal was 47 - 51 days in the HSV positive group after starting on oral 
and topical Acyclovir along with steroid drops which seems comparable. 
 
Ours was a pilot study. To assess the representativeness of this sample we 
compared the profile of microbial recovery in our study to that of retrospective 
data from our institution (unpublished). 
 
We retrospectively reviewed the causes of suppurative keratitis that presented 
to our hospital over the last 2 years (2013 & 2014). Data was taken from the 
microbiology lab register. The smear and culture positive rate was 44.86% 
(unpublished data), as shown in the table below. This was comparable to our 
study and to studies done in many centers. (35-70%)[6]. 
 
 
            Table 25: Smear & culture positivity in the study group vs. retrospective data 
Smear and culture report 2013 – 2014 (%) 2015 (%) 
Sm+ Cx + 130 (32.6) 26 (39.5) 
Sm+ Cx - 10 (2.5) 6 (7.5) 
Sm – Cx + 45 (11.3) 11 (11.3) 
Sm- Cx - 214 (53.5) 28 (41.5) 
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Our study does seem to be a representative sample of suppurative keratitis 
presenting to a tertiary care institution. The results will however need to be 
studied with an appropriate sample size to make more meaningful comparisons. 
SUMMARY: 
Culture positivity in corneal ulcers is far from ideal. Herpes keratitis can 
present as suppurative keratitis without classical clinical characteristics of a 
viral ulcer. It appears to be present in as high as 10% of smear/culture negative 
patients. Looking for viral etiology in all negative cases may not be feasible. 
The suspicion should be high if there was a past history of red eyes or corneal 
ulcer or both. Past history of antiviral use also has a strong association but not 
other topical medication. Presence of a corneal scar and the ulcer involving the 
corneal endothelium also makes it more likely to be a viral etiology.  
 
On encountering patients with these presenting features in remote places, a 
high index of suspicion for viral etiology must be considered and prompt 
treatment with antivirals may help. Likewise in a tertiary referral centre that 
has smear and culture facilities, if the smear or culture has been negative, a 
higher probability of viral etiology should be considered and appropriate 
treatment started.  
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Adding PCR to selected cases of culture negative suppurative keratitis 
improves our recovery rates for microbial agents in refractory keratitis not 
responding to conventional treatment. 
 
Prompt management of corneal ulcers with the right treatment at the right time 
can decrease the density of the corneal scar and thus reduce the load of corneal 
blindness in our population.  
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1. Our own sample size could not be reached perhaps because of the 
limited time. A study over one whole year would have been more 
appropriate and could have covered all seasons 
 
2. Ours was a pilot study that was meant to look for any viral etiology in 
corneal ulcer. Both the sample size and the results have smaller 
numbers. Thus it cannot be blindly applied in clinical situation and need 
further investigation. 
 
3. The follow up in culture negative and HSV negative patients were not 
looked at. 
 
4. Only Herpes etiology was looked at among viruses 
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1. Viral keratitis can have features of suppurative keratitis and can mimic 
bacterial or fungal. 
2. Patients with corneal ulcer scrapings that are negative on smear and 
culture should have a high suspicion for the presence of HSV. 
3. Specific history of recurrent episodes of red eyes, corneal ulcer and past 
history of antiviral use should induce suspicion of a viral etiology 
4. Clinical findings like the presence of a corneal scar with the ulcer 
involving the stroma and the endothelium should further raise this 
suspicion 
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PATIENT INFORMATION SHEET 
 
You have been invited to participate in this study “Prevalence of Herpes Simplex Virus 
(HSV) in culture negative suppurative keratitis using Polymerase chain reaction 
(PCR)”.  
 
1. What is this study about? 
A clinical diagnosis of suppurative corneal ulcer has been made in your right/left eye. 
For further management, you will have to undergo microbiological tests: 
Test 1: To identify the presence of bacteria and fungus. 
If you agree to be a part of this study, we will perform another test: 
Test 2: To look for another organism called virus.  
The same sample will be used for both test 1 and 2.  
 
2. Why are we doing the study? 
Most of the time we will be able to find out the causative organism using test 1, but when 
the test turns out to be negative we want to know if virus is present in the ulcer. Test 2 
will help us in detecting virus and thus the treatment can be modified accordingly. 
 
3. What will I have to do if I agree to participate in the study? 
a. Detailed history and clinical examination will be performed. 
b. Our corneal specialist will provide clinical diagnosis and decision on corneal 
scraping. 
c. Corneal scraping sample for test 1 will be obtained 
d. After the test is performed you will be admitted in our septic ward where our 
corneal specialist will evaluate you everyday. 
e. An additional sample for test 2 will also be obtained and will be preserved. 
f. If the result of test 1 is negative then test 2 will be performed 
g. If test 2 is positive then our cornea specialist will decide on continuing standard 
treatment or starting antiviral medication 
Points a-d is part of standard protocol. 
Points e-g will be done as a part of this study free of cost. 
 
4. What will happen if I refuse to participate in the study? 
Steps e, f and g will not be performed. Routine standard protocol (a – d), which involves 
evaluation, scraping, admission and tailored treatment will follow. Refusal to participate 
in the study will not compromise/affect your care in any way. 
 
5. Will this study influence my treatment in any way? 
If test 1 is positive then routine standard treatment for the cultured microbe will be 
initialized. 
If test 2 is positive then routine antiviral treatment will be started based on clinical 
improvement. The above-mentioned treatment is routinely practiced for 
bacterial/fungal and viral ulcers respectively.  
 
6. Will I get any incentive by participating in this study? 
Test – 2 will be performed free of cost. Other than this there is no other patient incentive 
included in the study. You will have to pay for your treatment. 
 
7. Will all personal details be kept confidential? 
Yes. All personal details will be kept confidential. However, the results of the study may 
be published in medical journals to improve clinical practice without exposing your 
identity. 
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Format	  for	  Informed	  Consent	  Form	  for	  Subjects	  
	  
Informed	  Consent	  form	  to	  participate	  in	  a	  research	  study	  	  
	  
Study	   Title:	   Prevalence	   of	   Herpes	   Simplex	   Virus	   (HSV)	   in	   culture	   negative	  
suppurative	  keratitis	  using	  Polymerase	  chain	  reaction	  (PCR).	  
	  
Study	  Number:	  ____________	  
	  
Subject’s	   Initials:	   __________________	   Subject’s	   Name:	  
_________________________________________	  
	  
Date	  of	  Birth	  /	  Age:	  ___________________________	  
	  
(Subject)	  
	  
(i)	  	   I	   confirm	   that	   I	   have	   read	   and	   understood	   the	   information	   sheet	   dated	  
____________	   for	   the	   above	   study	   and	   have	   had	   the	   opportunity	   to	   ask	  
questions.	  [	  	  ]	  
	  
(ii)	  	   I	  understand	  that	  my	  participation	   in	  the	  study	   is	  voluntary	  and	  that	   I	  am	  
free	   to	   withdraw	   at	   any	   time,	   without	   giving	   any	   reason,	   without	   my	  
medical	  care	  or	  legal	  rights	  being	  affected.	  [	  	  ]	  
	  
(iii)	  	   I	   understand	   that	   the	   investigator,	   others	   working	   on	   the	   investigation’s	  
behalf,	   the	  Ethics	  Committee	  and	   the	   regulatory	  authorities	  will	  not	  need	  
my	  permission	  to	  look	  at	  my	  health	  records	  both	  in	  respect	  of	  the	  current	  
study	  and	  any	  further	  research	  that	  may	  be	  conducted	  in	  relation	  to	  it,	  even	  
if	   I	  withdraw	   from	  the	   trial.	   I	   agree	   to	   this	  access.	  However,	   I	  understand	  
that	  my	   identity	  will	  not	  be	   revealed	   in	  any	   information	   released	   to	   third	  
parties	  or	  published.	  [	  	  ]	  
	  
(iv)	  	   I	   agree	   not	   to	   restrict	   the	   use	   of	   any	   data	   or	   results	   that	   arise	   from	   this	  
study	  provided	  such	  a	  use	  is	  only	  for	  scientific	  purpose(s).	  [	  	  ]	  
	  
(v)	  	   I	  agree	  to	  take	  part	  in	  the	  above	  study.	  [	  	  ]	  
	  
	  
	  
Signature	  (or	  Thumb	  impression)	  of	  the	  Subject/Legally	  Acceptable	  	  
	  
	   118	  
Date:	  _____/_____/______	  
	  
	  
	  
	  
	  
Signatory’s	  Name:	  _________________________________	  	  	  	  	  	  	  	  	  Signature:	  	  
	  
Or	  
	  
	  
	  
	  
	  
	  
	  
	  
Representative:	  _________________	  
	  
Date:	  _____/_____/______	  
	  
Signatory’s	  Name:	  _________________________________	  
	  
	  
Signature	  of	  the	  Investigator:	  ________________________	  
	  
Date:	  _____/_____/______	  
	  
Study	  Investigator’s	  Name:	  _________________________	  
	  
	  
Signature	  or	  thumb	  impression	  of	  the	  Witness:	  ___________________________	  
	  
Date:	  _____/_____/_______	  
	  
Name	  &	  Address	  of	  the	  Witness:	  ______________________________	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The	   patient	   information	   sheet	   and	   the	   consent	   form	   will	   be	   read	   out	   to	   the	  
patients	   in	   their	   respective	   languages	  by	  our	   librarian	   and	   the	  procedure	  will	   be	  
explained	  by	  myself	  in	  their	  respective	  languages.	  
	  
Contact	  details:	  	  
Dr.	  Nancy	  Magdalene	  
Address:	  Department	  of	  Ophthalmology,	  Schell	  eye	  hospital,	  Christian	  
Medical	  College	  Vellore:	  632004.	  Phone	  no:	  04162281201.	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CLINICAL	  PROFORMA	  1. Patient	  ID:	  	   2. Age:	  	   3. Gender:	  	   4. Systemic	  associations:	  	   5. Past	  history:	  	  
Symptom/Sign	  	   Yes	   No	  
Red	  eye	   	  	   	  
Corneal	  ulcer	   	   	  
Blisters	  on	  
eyelid	  
	   	  
	   6. History	  of	  prior	  ocular	  treatment	  (current	  episode):	  
Medication	   Yes	   No	  
Antibacterial	  	   	   	  
Antifungal	  	   	   	  
Antiviral	  	   	   	  
Past	  H/O	  antiviral	  use	   	   	  	   7. Corneal	  involvement:	  
Superficial	  stromal	   Deep	  stromal	   Endothelial	   Scar	  	   	   	   	  	  8. Clinical	  diagnosis:	  
Bacterial	   Fungal	   Viral	   Protozoa	   Not	  sure	  
	   	   	   	   	  	   9. Smear	  report:	  
Bacteria	  +	   Fungal	  hyphae	  +	   None	   Indecisive	  	  
	   	   	   	  
	   10. Culture	  report:	  
Bacteria	   Fungi	   No	  growth	  
	   	   	  
	   11. HSV	  PCR	  report	  
Positive	   Negative	  	  
	   	  	   12. Ulcer	  healing	  time:	  	  
Date	  of	  starting	  Acyclovir	   Date	  of	  complete	  healing	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